Background and Objective: Weight reduction has evidenced benefit on attenuation of histological activity and fibrosis of nonalcoholic steatohepatitis (NASH), but there is scarcity of data for lean NASH subgroup. We have designed this study to compare the effects of weight reduction on histological activity and fibrosis of lean and non-lean NASH. Methods: We have included 20 lean and 20 non-lean histologically proven NASH patients. BMI < 25 kg/m 2 was defined as non-lean. Informed consent was taken from each subject. All methods were carried out in accordance with the Declaration of Helsinki. Moderate exercise along with dietary restriction was advised for both groups for weight reduction. After 1 year, 16 non-lean and 15 lean had completed second liver biopsy. Results: Age, sex, alanine transaminase (ALT), aspartate aminotransferase (AST), gamma-glutamyltrasferase (GGT), Homeostasis model assessment insulin resistance (HOMA-IR), triglyceride and high density lipoprotein (HDL) was similar in both groups. Steatosis, ballooning, lobular inflammation, nonalcoholic fatty liver disease activity score (NAS) and fibrosis was similar in the two groups. In lean/non-lean group, any amount of weight reduction, ≥ 5% weight reduction and ≥ 7% weight reduction was found in respectively 8/11, 5/6 and 2/6 patients. In both lean and non-lean groups, weight reduction of any amount was associated with significant reduction of steatosis, ballooning and NAS, except lobular inflammation and fibrosis. In both groups, weight reduction of ≥ 5% was associated with significant reduction in NAS only. However, significant improvement in NAS was noted with ≥ 7% weight reduction in non-lean group only. Conclusion: Smaller amount of weight reduction had the good benefit of improvement in all the segments of histological activity in both lean and non-lean NASH.
INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD), the most prevalent chronic liver disorder worldwide, is a clinico-histopathological entity ranging from simple fat accumulation (steatosis) to non-alcoholic steatohepatitis (NASH). [1, 2] NASH is diagnosed by the joint presence of steatosis and inflammation along with hepatocyte injury (evident as hepatocyte ballooning). [3] It is estimated that NASH occurs in 20% of patients with NAFLD, whereas in Bangladesh, it shows a higher proportion (42.4%). [4, 5] Due to its progressive nature, approximately 30% to 40% of patients with NASH develop fibrosis and others lead to advanced fibrosis or cirrhosis. Moreover, it is one of the most common indications of liver transplantation worldwide. [5] The risk of progression to advanced hepatic complications is influenced by the severity of underlying liver histology as, it is documented that increased rate of deleterious outcomes are observed in patients with advanced fibrosis. However, with therapeutic interventions, reversal as well as prevention of further progression of fibrosis is possible as well. [6] NAFLD is commonly observed in obese people and is associated with insulin resistance (IR) and metabolic syndrome (MS). Nonetheless, NAFLD/NASH in nonobese or persons with normal body mass index (BMI) (i.e., < 25 kg/m 2 ), termed as, "lean NASH" is not uncommon. [7, 8] As in Bangladesh, it was demonstrated that 25.6% of NAFLD patients were found non-obese, and among the non-obese NAFLD, 53.1% were documented as NASH. [9] Considering the obesity, from another study, NASH is reported in 18.5% of obese and 2.7% of lean patients. [10] Lean NASH is a distinct phenotype of NAFLD in terms of relationship with BMI, sharing the metabolic characters and liver pathology, as seen in obese persons having NASH. [7] Despite this, the pathophysiologic issue behind NAFLD in lean subjects is not settled enough; it seems that there is no straight pathway to this multifactorial phenotype. Genetic predisposition along with environmental factors, such as dietary composition and gut microbiome may play an important role. [11] Treatment of NASH is applied with the targets of reducing the NASH-related mortality and prevention of the progression to cirrhosis or hepatocellular carcinoma (HCC). At present, the resolution of the histological findings of NASH is now approved as a surrogate endpoint. The major treatment offered for NAFLD remains lifestyle changes including weight reduction by a healthy diet and performing regular physical activity. [12, 13] It is evident that improvements of liver histology in NASH can be achieved through losing a certain amount of weight. [14] Promrat et al. in his RCT showed that almost 7-10% of weight reduction can improve the NAFLD activity score (NAS) and its elements (steatosis, lobular inflammation and ballooning). [15] Not only that, even a greater amount of weight reduction (≥ 10% of total body weight) make significant regression of hepatic fibrosis in NASH also. Most of these studies were performed among obese or overweight individuals. [1] Single case report by Merchant et al. described that like obese NAFLD patients, lean NAFLD patients can get benefits in dietary modification as well as weight reduction strategy. [16] This data is also supported by another study that concluded that change in the body weight is a potent independent issue for both the development and regression of NAFLD in non-obese individuals, regardless of baseline BMI. [17] As none of the study focused on the benefits of weight reduction on histological activity in patients with lean NASH, the study was focused to explore the effect of weight reduction strategy in lean NASH individuals.
MATERIALS AND METHODS
Design, subjects of the study This prospective study was confined to the Department of Hepatology, Bangabandhu Sheikh Mujib Medical University (BSMMU). Data collection was done within the period from February 2016 to September 2017. Prior to the commencement of the study, ethical permission was taken from Institutional Review Board of BSMMU. All methods performed in this study were carried out in accordance with the Declaration of Helsinki. For this comparative analysis, study populations were divided into two groups: 1) lean NASH patients defined by BMI < 25 kg/m 2 were compared with 2) non-lean NASH patients defined by BMI > 25 kg/m 2 . Adult patients aged ≥ 18 years with histology-proven NAFLD (NAS score ≥ 5) were initially approached and were screened subsequently according to the inclusion and exclusion criteria. Patients with history of alcohol consumption (≥ 20 g/day in men or ≥ 10 g/day in women), positive viral makers (hepatitis B, hepatitis C), or known case of secondary fatty liver (e.g., use of systemic drugs including anabolic steroids, tamoxifen, anticonvulsant, antiarrhythmic drugs, etc.), chronic liver disease (CLD) with known etiology, pregnant women or suffering from any kind of malignancies before baseline were excluded. Moreover, patients with known contraindications to liver biopsy were also excluded. Liver biopsy for histopathological assessment was done at inclusion and at follow-up one year after inclusion in accordance with AASLD guideline for liver biopsy. Informed written consent was taken from all the subjects before inclusion.
Finally, a total of 20 lean and 20 non-lean histologically proven NASH patients were included and were investigated to summarize the baseline information. Data collection were done with an aid of a pretested questionnaire aiming to collect data in several dimensions: a) sociodemographic profile, b) anthropometric information including weight, height, BMI and waist circumference, c) glycemic status and insulin resistance (HOMA-IR), d) liver biochemistry (alanine transaminase [ALT], aspartate aminotransferase [AST], gamma-glutamyltrasferase [GGT]), e) liver histopathology (NAS score and fibrosis), and f) other comorbid conditions like diabetes mellitus (DM), dyslipidemia, hypertension, and so on. Similar data were collected at the end of the follow-up for 1 year. Patients were followed-up monthly for the first 3 months and three monthly up to 1 year. During the study period, moderate exercise along with dietary restriction was advised for both groups as weight reduction strategy. More details are described in the operational definition.
Procedure of biopsy
Liver biopsies were done within 15 days of laboratory investigations with full resuscitation facilities. Biopsy materials were immersed in 10% formalin and stained with hematoxylin-eosin and Masson's trichome. Prepared samples were evaluated by an experienced pathologist, who was not aware about the treatment plan as well as the clinical and biochemical parameters of any patient. Evaluation of biopsy samples was done using Kleiner. This histological scoring system quantifies steatosis, lobular inflammation, and ballooning resulting in NAS that ranged between 0 and 8. Scores greater than or equal to 5 are largely diagnostic of NASH. Fibrotic changes were evaluated separately from NAS, with score ranging from 0 (no fibrosis) to 4 (cirrhosis). Standard aseptic precautions were maintained during the collection of the biopsy materials. In all the cases, informed written consent was ensured from all the patients before performing biopsy procedure.
Follow-up of the patients
Following the end of the 1-year prospective follow-up, the total amount of attrition was 4 in the non-lean group and 5 in the lean group. Therefore, 16 non-lean and 15 lean had completed the second liver biopsy, and also, rest of the investigations.
Data analysis technique of the study
Unpaired t test was done to compare the baseline variables and the improvement in different parameters at the end of the study. Paired t test was done to compare the baseline and the end of treatment values. Logistic regression analysis was done to assess the effect of important factors on the final outcome.
Operational definition 1. BMI: BMI was calculated as weight (kg) divided by height (m) squared; a BMI < 25 kg/m 2 was considered as lean subjects and BMI ≥ 25 kg/m 2 was used to identify non-lean subjects.
Waist circumference: It was measured in the horizontal
plane midway between lowest rib and the iliac crest. The measurement tried to keep the nearest 0.1 cm at the end of a normal expiration. Before recording the measurement, it was ensured that the tape was snug but did not compress the skin and was parallel to the floor. The reproducibility was also assessed.
3. Hypertension: was defined as systolic blood pressure ≥ 130 mmHg and/or diastolic blood pressure ≥ 85 mm Hg;
4. DM: [18] DM was defined by:
• FPG ≥ 126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h. Or • 2-h PG ≥ 200 mg/dL (11.1 mmol/L) during an oral glucose tolerance test (OGTT). The test was performed as described by the WHO, using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water. Or • In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random plasma glucose ≥ 200 mg/dL (11.1 mmol/L)
• Steatosis: [19, 20] Evidence of steatohepatitis on liver biopsy was defined as the presence of at least 3 following components: a) macrovesicular steatosis, b) lobular inflammation and c) hepatocellular injury or ballooning degeneration in acinar zone 3 • Staging system for NASH: [19, 20] Brunt definition of staging of NASH was used in the study for staging of the study population. [19] Zone 3 perisinusoidal/ pericellular focal or extensive fibrosis was considered as stage 1 NASH, Zone 3 perisinusoidal/pericellular fibrosis with focal or extensive periportal fibrosis was stage 2 NASH, Zone 3 perisinusoidal/pericellular fibrosis and portal fibrosis with focal or extensive bridging fibrosis was defined as stage 3 NASH, while cirrhosis of liver was defined as stage 4 NASH.
• NAS: The NASH Clinical Research Network NAS was used for the scoring of the patients. [21] More detailed about the score was adopted from the article by Takahashi et al. In these study patients, NAS score ≥ 5 was considered as set point before the inclusion of any subjects. [20] Diet and exercise module Patient was encouraged for moderate exercise, that is, walking 30 minutes a day. Dietary advice to avoid saturated fat, excessive sugar containing diet, soft drinks, fast food and refined carbohydrate were given to both groups of patients according to diet chart of NAFLD. Diabetic patients were treated with life style modification, and if required, with oral sulphonylureas -Gliclazide, Glimeperide, or with Insulin. Hypertensive patients were treated using antihypertensive drug except ACE -inhibitor, ARB and calcium channel blocker (Diltiazem) due to their beneficial effect on steatohepatitis and fibrosis.
RESULTS
Total 40 patients of histologically proven NASH were initially selected for inclusion. Twenty patients were included in the lean group and another 20 patients were included in the non-lean group based on their BMI. Five patients from the lean group and 4 patients from the non-lean group were lost to follow-up (Figure 1) . Total 31 NASH patients (15 patients in the lean group and 16 patients in the non-lean group) were considered for the final analysis.
Comparison of baseline characteristics is enlisted in Table  2 . No statistically significant difference was noted between the lean and non-lean patients in relation to age, sex, HOMA IR, serum lipid profile, liver biochemistry, and liver histology. BMI, waist circumference (WC) and FBS were significantly high in non-lean group than in lean group (P = 0.000 and P = 0.01, respectively). Non-lean group had a significantly higher number of diabetes and hypertensive patients (7 cases each) than that of the lean group (0 and 1 case respectively; P = 0.004 and P = 0.018 respectively).
Following a year of exercise and diet restriction regimen, only improvement in weight was found to be significantly higher in the non-lean group than lean group (Table 3 ). In the non-lean group, mean weight reduction was 3.71 ± 4.58 kg, and in the lean group, mean weight reduction was 0.88 ± 2.79 kg (P = 0.045). Improvement in other anthropometric, biochemical and histological parameters between lean and non-lean group did not differ significantly. Table 4 shows the effect of weight reduction on overall histological activity and fibrosis score of lean and nonlean NASH patient. Any amount of weight reduction was found in 8 lean patients and 11 non-lean patients. Weight reduction of ≥ 5% from the baseline was found in 5 lean and 6 non-lean patients and of ≥ 7% from the baseline was found in 2 lean and 6 non-lean patients. Any amount of weight reduction was associated with significantly improved steatosis, ballooning, and NAS score after one year in both lean and non-lean patients (P = 0.001, P = 0.005, and P = 0.000 respectively for lean, and P = 0.016, P = 0.016 and P = 0.000, respectively, for non-lean patients). Weight reduction ≥ 5% was associated with a significant improvement in the NAS score in both lean and non-lean NASH patients (P = 0.009 and P = 0.01, respectively). But, weight reduction of ≥ 7% was found to improve the NAS score significantly only in the non-lean patients (P = 0.01).
Logistic regression analysis was done to find out the best predictor of patient response. As shown in Table 2 , only improvement in weight was found to differ across groups. Therefore, univariate analysis was done for the category of patients (lean and non-lean) and weight reduction (Table 5) . Weight reduction was found to have a significant effect on the histological improvement at the end of the treatment in univariate analysis (OR 25.5; 95% CI 3.58-181.61; P = 0.001). On multivariate analysis, the lean patients were found to have higher odds than the non-lean patients for histological improvement, although it was not statistically significant (OR 3.56; 95% CI 0.34-37.80; P = 0.293). On the 
DISCUSSION
NASH has become an important health concern as it is associated with progressive liver disease, cardiovascular mortality and type-2 diabetes. [22] Various modalities of treatment are being tested for the management of NASH. [22] Among different drugs tested, [23] vitamin E, [24, 25] pioglitazone, [25] liraglutide, [26] telmisartan, [27] pentoxifylline [28] were found to improve histological activity and fibrosis in different degrees. But these must be balanced with their potential adverse effects. Therefore, diet and lifestyle modification, with weight reduction remains the mainstay of treatment in these patients. [16, 22] Previous studies testing the effectiveness of lifestyle modification in NAFLD have found that 7 to 10% weight loss is accompanied by a remarkable normalization of liver enzymes and a systematic reduction of liver fat. [29] But, no previous study tested the effect of weight reduction on non-obese lean NASH patients. This study was the first attempt to test and compare the effect of weight reduction in lean and non-lean NASH patients.
We initially included 40 patients of histologically proven NASH in the study, among whom 9 patients were lost to follow-up. Total 15 lean NASH cases and 16 non-lean NASH cases were tested in the final analysis. Both groups were advised moderate intensity exercise and dietary restriction for one year. Our results show that both lean and non-lean patients achieved weight reduction at the end of the treatment, with the reduction being significant in the non-lean group. 8 and 11 lean and non-lean patients respectively achieved any amount of weight reduction, 5 and 6 lean and non-lean patients respectively achieved ≥ 5% weight reduction, and 2 and 6 lean and non-lean patients respectively achieved ≥ 7% weight reduction.
Any amount of weight reduction was found to be significantly associated with improvement in steatosis, ballooning and NAS score in both lean and non-lean patients. More than or equal to 5% weight reduction was associated with improvement in overall NAS score in both groups without showing significant improvement in individual scores. But ≥ 7% reduction in weight was not associated with any further improvement in NAS score of lean patients. In comparison, non-lean patients showed a significant improvement in NAS score with ≥ 7% reduction.
In a meta-analysis research, Musso et al. described that body weight reduction through sedentary life style changes was associated with a significant histological improvement of NASH patient. But, they could not quantify the cut off value. [30] Promrat et al. have shown that weight reduction of more than 7% sustained over 48 weeks is associated with a significant reduction in the histological severity of obese NASH patients. [16] Vilar-Gomez et al. found that a 10% reduction in weight over 52 weeks was associated with the highest reduction in NAS reduction, NASH resolution and fibrosis regression in non-lean NASH. [31] Our study suggests that weight reduction of more than ≥ 5% benefits the histologic activity of liver in both lean and non-lean (obese) NASH patients.
Although improvement in NAS score was noted in both groups of patients, neither group achieved improvement in fibrosis with weight reduction over the year. This may indicate that the effect of weight loss on fibrosis is smaller than the effect on overall histologic activity, and thus, could not be detected with our sample size or that longer than a year study is needed to detect changes in fibrosis score. These findings are correlated with that of Promrat et al. [16] In the multivariate analysis, we had a unique finding that lean NASH cases have higher odds of achieving improvement in NAS score than non-lean NASH cases. Also, weight reduction was independently associated with a significant improvement in liver histology. Kim et al. have reviewed that visceral obesity as opposed to general obesity, high fructose and cholesterol intake, and genetic risk factors were linked with non-obese NAFLD. [32] Lifestyle modification, including dietary changes and physical activity to reduce visceral adiposity through weight reduction was suggested to be a standard care in non-obese NAFLD patients in their study. Fracanzani et al. found that lean and non-lean NAFLD patients had an increasing risk of NASH with increasing visceral obesity. [32] They used WC to represent visceral obesity, which is a relatively accurate surrogate marker. [33] We measured WC before and after the intervention and noted a statistically similar decrease in both lean and non-lean patients. Therefore, our findings indicate that overall body weight reduction independent of reduction in visceral adiposity is also beneficial for improvement in overall histologic activity of lean in comparison to non-lean NASH patients.
NAFLD is a common disease in non-obese (lean) people in the South Asian region. [35] Alazawi et al. found that Bangladeshi ethnicity is an independent risk factor for developing NAFLD [36] and prevalence of NASH was found to be high in NAFLD patients in Bangladesh. [22] Hence, it is pertinent to focus on the treatment of lean nonobese NASH patients alongside their obese counterparts. Weight reduction strategy could be a good starting point, as we have shown that any amount of weight reduction is associated with improvement in histology of liver.
However, this study was limited in the absence of a control group. Also, a precise cut-off value of weight reduction for significant improvement in histological activity of liver in the study could not be evaluated due to the small sample size. Therefore, large randomized control trials addressing the issue of cut-off point of weight reduction as well as trials assessing the correlation of percent weight reduction with reduction in NAS score are some good topics for future research.
CONCLUSION
A weight reduction strategy of one year significantly improves the histologic activity of liver in both lean and non-lean NASH patients.
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